Introduction
T he thyroid gland is one of the most vascular organs in the body. Early in the history of thyroid surgery, the pioneers of endocrine surgery such as Billroth and Kocher experienced greater than 50% mortality due to bleeding complications (1, 2) . Since that time, the technique of thyroidectomy has evolved to a safe and hemostatic operation. Conventional thyroidectomy mandates meticulous surgical technique requiring a transverse cervical incision, the creation of myocutaneous flaps, identification and preservation of pertinent anatomy, and specimen excision. Complications in thyroid surgery are infrequent, especially when the procedure is performed by an experienced thyroid surgeon (2) .
During conventional thyroid surgery, hemostasis is achieved with a combination of conventional knot tying, suture ligation, small hemostatic clips, and electrocautery (3) . Typically, the incision is placed low in the neck to optimize the postoperative cosmetic outcome. Advances in technology have permitted the development of new hemostatic devices that allow sutureless vessel ligation (3) (4) (5) (6) . The use of these devices has greatly facilitated minimally invasive thyroid surgery, including video-assisted, complete endoscopic, and mini-open techniques. By avoiding the use of conventional knot tying, which requires wide exposure, surgeons are able to perform thyroid surgery through the smallest possible incision. These hemostatic devices permit vessel ligation and thyroid resection a safe distance from the target tissue with a Division of Gastrointestinal and Endocrine Surgery, Department of Surgery, College of Physicians and Surgeons of Columbia University, New York, New York.
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complication rate that is similar to that of conventional thyroidectomy (7) . Moreover, numerous studies have demonstrated less blood loss and a shorter duration of surgery (3) (4) (5) (6) 8, 9) .
The use of local anesthesia during thyroid and parathyroid surgery was commonplace in the late 19th and early 20th centuries (2, 10, 11) . Improvements in the administration of anesthesia led to the common use of general anesthesia during most thyroid and parathyroid operations, however, the use of local anesthesia during endocrine neck surgery was popularized in the latter part of the 20th century (12) (13) (14) . Most patients undergoing thyroid surgery are admitted to the hospital for an overnight stay to monitor for hematoma formation and hypocalcemia, but same day discharge has been shown to be feasible, safe, and cost effective especially when surgery is performed under local anesthesia (15) (16) (17) . The aim of the retrospective analysis was to assess the safety of same day discharge in patients undergoing thyroid surgery using a sutureless technique for thyroid resection.
Methods
Approval to conduct a retrospective review of the Columbia University Thyroid Registry was obtained by the Institutional Review Board of Columbia University. From January 1, 2004, to December 31, 2005, 224 consecutive patients underwent thyroid surgery by the same surgeon (WBI). The LigaSure Precise electrothermal bipolar vessel sealing system (Valley Lab, Bolder, CO) was used in all cases.
All patients underwent standard evaluation for thyroid surgery including one or more of the following as indicated on a case by case basis: thyroid function tests, fine needle aspiration, ultrasonography, and computed tomography of the neck and chest. Perioperative flexible transnasal laryngoscopy was performed in all patients. During the patients' preoperative consultation, the Columbia University protocol for ambulatory thyroid surgery was discussed in detail with each patient. An ambulatory thyroid surgery brochure was reviewed with all patients, a brochure with information on calcium supplementation, contact numbers, and warning signs for possible complications such as hypocalcemia and hematoma formation.
General anesthesia was recommended in patients in one or more of the following situations: large multinodular goiter, substernal goiter, widely invasive cancer, lateral cervical lymph node metastases (level II to V), a language barrier (deaf or non-English speaking), severe claustrophobia or anxiety, history of panic attacks, or a patient preference for general anesthesia. In all other patients, local=regional anesthesia was recommended. The Columbia University protocol for administering local=regional anesthesia has been well described in previous publications (13, 16) . Using a 1:1 mixture of 0.5% lidocaine and 0.25% bupivicaine, 40 to 60 mL of local or regional anesthesia was administered under light sedation with propofol. For patients undergoing thyroid lobectomy, an ipsilateral deep=superficial field block and a contralateral superficial field block was performed, whereas patients undergoing total thyroidectomy received a bilateral deep=superficial field block. For the deep block, 10 mL of the local anesthesia solution was administered at the posterior border of the sternocleidomastoid muscle at the level of C2 and again at C4 (respectively, two and four finger breadths inferior to the mastoid process). The superficial field block is performed along the anterior border of the sternocleidomastoid muscle where 5-10 mL of the local solution was injected. In each case the local anesthesia was administered by the surgeon immediately before prepping the surgical field. An ether screen was used to keep the surgical drapes off the patients face and prior to beginning the procedure, the level of sedation was lessened to permit communication between the patient and the surgical team.
A small incision was made in a natural skin crease high in the neck near the cricoid cartilage. Without raising myocutaneous flaps, the strap muscles were separated at the midline to permit exposure of the thyroid gland. A headlamp was used to illuminate the surgical field. Using blunt dissection, the lateral aspect of the thyroid lobe was mobilized to expose the carotid artery. Next, the superior pole vessels were isolated and if possible, the external branch of the superior laryngeal nerve (EBSLN) was identified and preserved. If the EBSLN was not visualized, the superior pole vessels were isolated by sweeping the adjacent tissue medially and superiorly. The electrothermal bipolar vessel sealing system was used to divide the superior pole vessels in all cases. Following mobilization of the superior pole and preservation of the superior parathyroid gland, the thyroid lobe was delivered through the small incision by gently elevating the inferior portion of the thyroid lobe. This maneuver permitted identification of the recurrent laryngeal nerve inferior to the thyroid lobe. The tissue between the recurrent laryngeal nerve and trachea was then dissected, taking care to preserve the inferior parathyroid gland. The electrothermal bipolar vessel sealing system was used to dissect the recurrent laryngeal nerve to its insertion site as well as to divide the ligament of Berry and isthmus, assuring a minimum distance of 2-3 mm from the recurrent laryngeal nerve. For patients undergoing total thyroidectomy, the same technical maneuvers were utilized to resect the contralateral lobe. A single absorbable suture was used to reapproximate the strap muscles whereas the platysma was closed in layers. A subcuticular 5.0 prolene suture and collodium were used to close the skin. The patient was observed for 5-6 hours, at which time the wound was evaluated and the prolene suture removed by a member of the surgical team. If the patient was deemed stable by the surgical team, they were then discharged with instructions to take calcium supplementation (4 g per day for 5 days, followed by 2 g per day). Patients returned to the clinic for a postoperative evaluation 2-3 weeks following surgery at which time the calcium supplementation was discontinued.
For the purpose of this analysis, patients were divided into two groups: patients that received local anesthesia (local group) and those that received general anesthesia (general group). A descriptive analysis was conducted to determine mean values of patient characteristics and outcome variables. Chi-square analysis and analysis of variance were performed to determine differences in categorical and continuous variables respectively.
Results
A total of 224 consecutive patients underwent thyroid surgery using the electrothermal bipolar vessel sealing system (LigaSure) for hemostasis. Eighty-two percent of the patients were female (184 women, 40 men) with a mean age of 52 years (15-88 years). For the entire study population, the mean 58 INABNET ET AL.
operating time was 77 minutes (20-420 minutes) with 80% of patients being discharged within 6 hours of surgery (Table  1) . Final pathology revealed thyroid cancer in 40% of patients ( Table 2 ). The overall complication rate was 1.4% (Table 3) . One hundred eighty-four patients (82%) underwent surgery under local=regional anesthesia with conscious sedation, whereas 40 patients received general anesthesia (18%). Four patients (1.8%) undergoing thyroidectomy under local= regional anesthesia required conversion to general anesthesia due to the need for a deeper state of sedation. In the local anesthesia group, patients were more likely to be female and younger compared to patients in the general anesthesia group (Table 1) .
There were no differences between anesthesia groups in terms of primary or reoperative surgery (13% reoperative overall) or in final pathology composition (Table 2 ). In cases of malignant pathology, there was no significant difference in mean tumor size or MACIS scores between the two groups.
Local anesthesia patients were more likely to undergo thyroid lobectomy compared to general anesthesia patients (60% vs 42%, respectively, p < 0.05) ( Table 1) . Mean specimen weights were significantly larger in those receiving general anesthesia (63.9 g; range 2.8-360 g) versus local anesthesia (26.9 g; range 4-175 g, p < 0.05).
There was no difference in the rate of complications between the anesthesia groups. Major complications included one hematoma in the local=regional anesthesia group and one permanent recurrent laryngeal nerve injury in each anesthesia group (Table 3) . One recurrent nerve injury occurred during delivery of a massive substernal nodular goiter whereas the other arose during a directed sacrifice of the recurrent nerve due to invasive cancer. The one hematoma, which occurred within 1 hour of arrival to the recovery room, was immediately evacuated in the operating room under local anesthesia with no airway compromise or long-term adverse consequences. There were no cases of permanent hypocalcemia. Patients undergoing thyroidectomy under local anesthesia were more likely to be discharged within 6 hours of surgery compared to general anesthesia recipients (88% vs 45%, respectively, p < 0.05) ( Table 4) .
Discussion
This report is the first to describe the use of sutureless hemostatic techniques in patients undergoing ambulatory thyroid surgery. There were few major complications (overall rate of 1.4%) demonstrating the safety of sutureless electrothermal hemostasis in thyroid surgery under general or local anesthesia. Specifically, there was no difference in major complications between the local and general anesthesia groups despite significantly larger average weights and longer length of stay in the general anesthesia group. Others have reported a decrease in hypocalcemia, reduction in scar size and operative time, or no differences in major complications (4, (18) (19) (20) (21) (22) . Most importantly, hemostasis of the upper and lower pole vessels is particularly important in the prevention of postoperative bleeding and hematoma formation. The one case of postoperative hematoma occurred within 1 hour with the patient still in the recovery room; the patient was promptly re-explored under local anesthesia and found to be bleeding from a branch of the inferior thyroid artery. The use of the tissue sealer in this study compares favorably with the other studies listed as well as this institution's previously reported rates of postoperative hematoma using a cut and tie technique (23) . These results mirror the findings of others with respect to the use of electrothermal bipolar cautery while building on the foundation of an already mature locoregional anesthesia program. Moreover, the complication rate and duration of surgery of the current study are similar to a recently published large retrospective review of our institutions' results with the standard cut and tie technique under both local and general anesthesia (24) .
Differentiated thyroid cancer accounted for 40% of the pathology in both general and local anesthesia groups, and had a typical distribution with papillary cancer accounting for the majority of cases. Preoperative evaluation including ultrasound detected all cases requiring lateral lymphadenectomy, and the choice of general anesthesia in these cases allowed for safe lymphatic neck dissection with an overnight hospitalization. MACIS score and mean size did not predict postoperative complications nor the choice of anesthesia. Finally, the electrothermal cautery provided a useful adjunct in the performance of central and lateral neck dissections for regional nodal disease with a seroma rate equal to zero.
The four conversions to general surgery were performed electively without incident. All cases were for patient comfort where local anesthesia was either insufficient, tracheal pressure resulted in coughing, or for patient anxiety. The factors affecting conversion in this study are similar to those previously reported (23) , with patient comfort being the most significant. There were no cases in which conversion was required for nerve injury or previously undetected nodal metastasis requiring lymphadenectomy. None of these conversions resulted in increased morbidity or inpatient stay. The choice of general versus local anesthesia in this cohort does correlate with larger thyroid volume, likely indicating a surrogate marker for the inability to achieve patient comfort with local anesthesia only. The use of the bipolar tissue sealer did not contribute to either patient discomfort or intraoperative complication requiring conversion to general anesthesia.
Six-hour outpatient management for 80% of all patients in this study is a goal that is reasonable to achieve in a welldeveloped thyroid program as previously reported by our institution (25) . The contribution of electrothermal tissue sealing cautery is synergistic with achieving a high same day discharge goal. The direct contribution of the LigaSure to outpatient management is in its facilitation of short operative times when combined with locoregional anesthesia and very reasonable operative times with general anesthesia. It is not unexpected that patients with larger thyroid masses, particularly extensive multinodular goiters with substernal extension, undergo general anesthesia with a larger percentage being discharged following an overnight stay. Multiple factors contribute to an overnight stay in this population including postoperative nausea, longer operative times and slower emergence from anesthesia, and a need for observation for hematoma, however this study was not sufficiently powered to perform a detailed intergroup analysis. It is possible that the bipolar vessel sealer has also aided in liberalizing the applicability of locoregional anesthesia to larger masses and in reducing the learning curve for trainees while maintaining the excellent outcomes already established in this program.
The resurgence of locoregional anesthesia in thyroid surgery has resulted in a significant programmatic shift of postoperative care to the outpatient arena. We have found that 
